Product Specification 



Z8400/Z84CO0 NMOS/CMOS 
Z80»CPU 

Central Processing Unit 



FEATURES 

TTie extensive instruction set contain 158 hstructnns, 
inducing ttie 808QA insfruction set 8s a subset 

■ NMOSversionlorlowcost hlghperfonnancesolutkins, 
CMOS version for iiigh performance low power de- 
signs. 

■ NhlOSZ0840004 - 4MHz,Z0840006 - 6.17MHz. 
Z0B40008 - 8 MHz. 

■ CMOS Z84C0006 - DC to 6. 17 MHz, Z84C008 - DC to 
8 MHz. Z84C0O10 - DC to 10 MHz. Z84COO20 - DC - 
20 MHz 

■ 6MHzversioncanbeoperatedal6.144MHzdod(. 



■ Tho Z80 microprocessors and associoied family ol 
perifrtterals can t>e fnked by a vectored intemipt sys- 
tem. This system can t»daisv-cfiaHiedloallowiniplem- 
entaUon of a fxionty intemipt sctieme. 

■ Duplicate set of botti general- purpose and flag registers. 

■ Two sixteen-bil index registers. 

■ Three modes of maskatjie interrupts: 
Mode 0—8080 A similar; 

Mode 1— Non-Z80 environment, location 38H; 
Mode 2— Z80 family peripfierals, vectored interrupts. 

■ On-cfiip dynamic memory refresti counter. 



cohthol 



cm 

COHTROL 



CPU 
BUS ■ 
COMTROI. 



Ill 

T5H3 

RD 

5S 



za4M 

ZMCPU 



INT 
Htii 



CIK 
QND 



All 
*ll 
An 
A 

*1S 



ADDKM 











] AlO 


»., L 


1 


A,i C 


2 








A„C 


I 






]*. 




( 




31 


]A, 


*,»[: 






M 






• 




35 










34 


3*- 








33 


JA, 


"'C 


g 




32 


]*> 




10 


ZMOO 


31 


DA, 


+ 5V C 


" 




» 


]*• 




12 






] OMD 


O'L 


13 




a 


] SRB 




14 






]«n 




IS 




n 


] RESET 


INT C 


1» 




26 


2 BUSREO 


NMi [2 






24 


3 vfiSf 


fiiiT ^ 


•» 




21 


] aUSACK 


hAIq ^ 


n 




22 


] wn 


ms c 


a 




21 


] RD 



Figure 1. Pin Functions 



Figure 2. 40-plnDual-ln-LinB^P), Pin AMlgnmrntts 
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GENERAL DESCRIPTION 

The CPUs are lourth-generation enhanced microproc- 
essors with exceptional computational power. They offer 
higher system throughput and more efficient memory 
utilization than comparable second- and third-generation 
microprocessors. The internal registers contain 208 bits of 
read/write memory that are accessible to the programmer. 
These registers include two sets of six general-purpose 
registers which may be used individually as either 8-bil 
registers or as 1 6-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group of 
"Exchange" instructions makes either set of main or 
alternate registers accessible to the programmer. The 
alternate set allows operation in foreground-background 
mode or it may be reserved for very fast interrupt response. 



The CPU also contains a Stack Pointer, Program Counter, 
two index registers, a Refre^ register (counter), and an 
Interrupt register. The CPU is easy to incorporate into a 
system since it requires only a single +5V power source. All 
output signals are fully decoded and timed to control 
standard memory or peripheral circuits; the CPU is 
supported by an extensive family of peripheral controllers. 
The internal block diagram (Figure 3) shows the primary 
functions of the processors. Sutjsequent text provides more 
detail on the I/O controller family, registers, inslmclion set, 
interrupts and daisy chaining, and CPU timing. 
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Z80 



IkUe 1 . Z80C CPU fleglstera 







SiiflfBlts) 


Remafka 


A, A' 


A:cumulator 


8 


Stores an operand or the results of an operation. 


F,F' 


Flags 


8 


See Instruction Set. 


B.B' 


General Purpose 


8 


Can t^ used separately or as a 16-tjit register with C. 


C.C 


General Purpose 


8 


Can be used separately or as a 16-bit register wifti C. 


D.D' 


General Purpose 


8 


Can be used separately or as a 1 6-bit register with E . 


E, E' 


General Purpose 


8 


Can be used separately oi as a 16-b(t register with E. 


H, H' 


General Purpose 


e 


Can be used separately or as a 1 6-bit register with L. 


L, L' 


General Purpose 


a 

a 


f*3n 1 iq^H Qsnflffltplu or a 1 fi-tiiT rpni^pr with L 








Note. 1 ne ^ti.ij^i {U,c;, ana \ri,L.j seisare cDnioiiieu loiiLwi*. 








D — Mign uyie ^.^ — low uyie 








D Hinh h^/lH E — Low bvte 








H — High byte L - Low byte 
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Interrupt Register 


8 


Stores upper eight bits of memory address for vectored interrupt 








processing. 


R 


Relresfi Register 


8 


rrovioes user-irarispareni □ynamic niejiiury rt^riubi]. f^uiuirioiii^aiiy 








incremented and placed on the address bus during each 








instrucSon fetch cycle. 


IX 


Index Register 


16 


Used for indexed addressing. 


IV 


Index Register 


16 


Used tor indexed addressing 


SP 


Stack Pointer 


16 


Holds address of the top of the stacl<. See Push or Pop in instruction 
set. 


PC 


Program Counter 


16 


Holds address of next instruction. 


[FF,-IFF2 


Interrupt Enable 


Flip-Flops 


Set or reset to indicate interrupt status (see Figure4). 


IMFa-IMFb 


Interrupt Mode 


Flip-Flops 


Reflect Interrupt modelsee Figure 4). 



failure has been detected . After recognition ot the nMI 
signal (providing BUSREQ is not active), the CPU lumps to 
restart location 0066H. Normally, software starting at this 
address contains the interrupt service routine. 

Maskable Interrupt flNT). Regardless of the interrupt 
mode set by the user, the CPU response to a maskable 
interrupt input follows a common timing cycle. After the 
interrupt has been detect ed by itie CPU (provided that 
interrupts are enabled and BUSREQ is not active) a special 
interrupt processing c ycle b egins. This is a special fetch 
(Ml) cycle in which lORQ twcomes active rather than 
mREC, as in a normal mi cycle. In ad dition, this special li/tl 
cycle is automatically extended by two WAIT slates, to allow 
for the time required to acknowledge the interrupt request. 

Mode Intsmipt Operation. This mode is similar to the 
8080 micropfocessor internjpt service procedures. The 
interrupting device places an instruction on the data bus. 
This IS normally a Restart instruction, which will initiate a call 



to the selected one of eight restart locations in page zero of 
memoiy. Unlike the 8080, the Z80 CPU resporxis to the 
Call Instiudkm with or^ one interrupt acknowledge cycle 
foHowed by two memory read cyctas. 

Mode 1 Interrupt Oper ation. Mode 1 operation is very 
similar to that for IheNMl.The principal difference is that the 
Mode 1 interrupt has only one restart location, CI038H. 

Mode 2 Interrupt Opeialion. This intem^rf mode has been 
designed to most effectively utilize the c^abililies ot the 
^ rncropiooessor and its associ^ perlpherE^ tamly.The 
intemipting periptteral devtcs selects the starling address 
of the intern^ service routine. It does this by placing an 8- 
bit vector on the data bus during the interrupt acknowledge 
cycle. Tb6 CPUforms a pointer using this t^e as the tower 
8 Ms end the contents of tha I register as lha upper 8 bits. 
This points to an entry in a tE^le of addresses for interrupt 
service routines. The CPU then jumps to the routine at that 
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adckess. TNs flexibifity in selecting the tnlemipl service 
nitrtine address aHows the peripheral device to use several 
dWferent ^pes of service rouHnea. Those routines may be 
localed at any avaiWbte location in memoiy. Shce Ihe 
intem^ting device suf^sthekiw-orderbyteof the 2-t)yte 
vector, Wt (AJ must be a zero. 



tntemipt EnabWDIsable Operathm. Two tllp-llops, IFF^ 
and IFF2, referred to in the registef description, are used to 
signal Ihe CPU interrupt status. OperaUon of the two 
flip-flops is described in Table 2. For more d^ails, refer to 
the Z80 CPU Technical Manual (03-0029-01) and Z80 
Assembly Language Programming Manual (03-0002-01). 



lUri* 2. Stale of Rlp-Flopa 
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IFF, 
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Cofninonto 


CPU Reset 








Maskatile interrupt 








InT disatilocl 


Dl instruction execution 
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iNTdisatited 


El Instruction execution 
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Maskatite intenupt 








IFiT enabled 


LD A.I inEtruotion execution 
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IFF2 — Parity flag 


LD A.R instnjction enecution 
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tFF£ -• Parity flag 
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Maskatile intenupt 








IFTf disabled 


RETN instruction execution 
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IFFg - IFF, at 
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INSTRUCTION SET 

The microprocessor has one of the most powerful and 
versatile instruction sets available in any 8-bit micro- 
processor. It includes such unique operations as a block 
move for fast, efficient data transfers within memory, or 
between memory and I/O. It also allows operations on any 
t»l in any location in memory. 

The following is a summary of the instruction set which 
shows the assembly language mnemonic, the operation, 
the flag status, and gives comments on each instaiction. For 
an explanation of flag notations and symlrols for mnemonic 
tables see the Symbolic Notations section which follows 
these tables. TheZSO CPU Technical Manual (03-0029-01), 
ttie Programmer^ Reference Guide (03-0012-03), and 
Assembly Language Piogmmming Manual (03-0002-01) 
contain significantly more details for programming use. 
The instructions ^e divided into the following categories: 

□ 8-bit loads 

□ 16-bit loads 

n Exdianges, block transfers, and searches 

□ 8-bit arithmetic and logic operations 

□ General-purpose arimmetic and CPU control 

□ 16-bit arithmetic operations 

□ Rotates and shifts 



□ Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

□ Input and output operations 

A variety of addressing modes are implemented to permit 
efficient and fast data transfer between various registers, 
memory locations, and input/output devices. These 
addressing modes include; 

□ Immediate 

□ Immediate extended 

□ Hflodified page zero 
n Relative 

o Extended 

□ Indexed 

□ Register 

□ Register indirect 
o Implied 

□ Bit 
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»«IT LOAD GROUP 



SymboNc nag* Opcod* Ho.af Ne.olH Ns-ofT 

MrMnioflte OpanHon t Z H P/V N C 78 54S 210 Hw BytM CyidM 8MM Comnwnta 

LDr,r' r-r' . . x • X • • • 01 r r' 1 1 4 r.f Reg. 

tDr,n r-n .•X»X»»»O0t11O 2 2 7 OOOB 

-n- Wl C 

LD((HL) f-(HD . . X • X • • • 01 r 110 1 2 7 010 D 

LDt,(IX-l-d) r-(IX + (l) • • X • X • • • 11 Oil 101 DO 3 5 19 Oil E 

01 r 110 100 H 

— d— 101 L 

LOt.{IY+Cl) r-(IY+d) • • X • X • • • 11 111 101 FD 3 5 19 111 A 

01 r 110 

-a- 

LDIHL).' (HL)-r . . X • X . . . 01 110 r . 1 2 7 

LD(IX + d),r (IX + d)-t • • X • X • • • 11 Oil 101 DD 3 5 19 

01 110 r 
-d- 

LD{IY+d),r {IY+cl)-r • • X • X • • • 11 111 101 FD 3 5 19 

01 110 r 
-d- 

LD(HL).n (HL)-n . . X • X • • • 00 110 110 36 2 3 10 

'-n-* 

LD(lX + d),n (lX + d)-n . . X • X • • • 11 Oil 101 DD 4 5 19 

00 110 110 36 
-d- 



t: 
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a-BlT LOAD GROUP (Con»nued) 





Symbolic 








Flaga 




Opcode 




No. of 


NcotM Na.olT 
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OpaivHon 
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P/V N 
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Hm 
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n 
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LD A, (BC) 


A-(BCJ 
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X 




X * * 


ft 
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001 010 


OA 
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2 
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LDA. (Dq 


A-{DE) 


* 


■ 


X 
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00 


01 1 010 


1A 


1 


2 


7 


LD A. (nn) 


A - (nn) 
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• 


X 




X * * 


* 


00 


111 010 


3A 


3 


4 


13 
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LD (BC). A 


(BQ-A 


* 


* 


X 




X ■ * 


• 


00 


000 010 


02 


1 


2 


7 


LD (DE), A 


(DE)*-A 


• 


• 


X 


* 


X • . • 


* 


00 


010 010 


12 


1 


2 


7 


LD(rui).A 


(rvi)-A 






X 


• 


X ■ • 


• 


00 


110 010 


32 


3 


4 


13 




















*-n-» 




























•-n-» 










LDApl 


A-l 


t 


t 


X 





X IFF 




11 


101 101 


ED 


2 


2 


9 


















01 


010 111 


57 








LD A,H 


A-R 


1 


t 


X 





X IFF 


* 


11 


101 101 


ED 


2 


2 
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ot 


Oil 111 


SF 
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X 


« 


X • • 


■ 


11 
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ED 


2 


2 


9 


















01 


000 111 


47 
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ft 
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* 


X • • 




11 
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ED 


2 


2 


9 


















01 


001 111 


4F 









NOTE: IFF Miaowlent dthe irasFtupl eneUa ftp-flop. (IFFs). iacopted mto Ihe P/V flag. 



16-BIT LOAD GROUP 



SymboHc Fl*8* Opcod* No.ot No. of H No. of T 

UMownlc Opmtlon 8 Z H P« N C « 543 210 H» Bytf Cyd— SM— Commwiti 



LDdd, nn 


£ld*-nn • 
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• X • 
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dd 


Pair 
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LD IX, nn 


IX - nn • 
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■ X • 


• • 11 
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LD lY, nn 
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• X • 


• • 11 
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LD HL. (nn) 


H-(nn+i) • 


• X 


• X • 


• • 00 


101 010 
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5 
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"-n-- 
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LDdd, (nn) 


d[ln*-(nn + 1) • 


• X 


• X • 


• • 11 


101 101 


ED 
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6 


20 








ddL*-(nn) 






01 


ddl Oil 































































NOTE: (PAlfl)H.(PAlR)L rater lohgh Older and Iw order »tf"'^'*'**'^'**P*'™'''*^ " ^.AFh- A. 
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16-BIT LOAD GROUP (Continued) 





Syinboftc 
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Opood# 






No.ofH No.ofT 


MnMiwnIc 
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U 1 
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P/VN 
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7e 


S43 210 
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81MM ComiMnta 


LDIX,{nn) 
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• X 
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4 


6 
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LD IV, (nn) 


IYH*-(nn + l) • 
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* 
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LDSP.HL 
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111 001 


F9 
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1 
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4SP-IX 
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* 


11 


01 1 1 01 


DD 
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2 
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11 


111 001 


F9 








LD SR lY 
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X 
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4 4 

I I 


111 ini 

1 1 1 rU 1 


FD 
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2 
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11 
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FS 






qq Paif 


PUSHqq 


(SP-2)-qqL • 
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• X 
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3 


11 00 BC 




{SP-1)*-qciM 
























01 DE 




SP-SP -2 
























10 HL 


PUSH tX 


(SP-2)-IXl • 




X 


• X 
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• 
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1 -j 


Oil 101 


DD 
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4 


15 11 AF 




(SP-l)-IXn 














1 1 
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SP — SP -2 
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• X 
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11 
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(SP-D-IYh 














11 
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qqn*-(SP+l) * 
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11 


qqO 001 
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SP-SP +2 


























POP IX 
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• X 
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NOTE: (PAIH)h. (PAIR)l fetetlo high orOw and km ofOer eiflM bftsotlhe registef pair respediwly, *.g.. BCl - C. AFh - 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH QROUPS 



Symboie 



N0.0I No.a(M No.afT 



Miwmonte 




S 
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n 


M3 
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* 


X 


■ 
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■ 


11 
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X 


• 


X 


■ ■ 




11 


Oil 


101 


DD 
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Oil 
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X 




X 








111 
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FD 
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11 


100 
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E3 
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« 


X 





X 


t 


• 


11 
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ED 




DE-DE + 1 
















10 


100 


000 


AO 




HL*-HL + 1 


























BC BC" 1 


























































A 


f\ 

u 


Y 

A 










101 


ED 




DE*-DE + 1 
















1U 




flfVI 

uuu 


□■J 




Hi ^l-tl 4-1 
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nepoaiunni 












































































LDO 
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A 
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A 


t n 
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44 

1 1 
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pn 
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DE ^ OE - 1 
















10 
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000 


A8 




Ull ^Ul 1 
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LDDR 


(DE)-{HL) 


■ 


* 
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X 





* 


11 
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ED 




DE-DE-I 
















10 


111 


000 
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HL-HL- 1 
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Repeat untd 
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A - (HL) 
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X 


* 


X 


t 1 




11 


101 
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ED 




HL-HL+1 
















10 


100 


001 


AI 




BC-BC-1 

























NOTE: ® PAftlagiaOilthefesullolBC-l - 0, mherwlM P/V - 1 
® P/Vtlaol90oniyatcoinplelionD(lnanjctlon. 

® ZllaoiSll'A-H(.,athen«GeZ>0. 



23 
23 

16 



21 
16 



16 



21 
16 



16 



Ftegisler benk 
andeuxifiery 
register bank 
exchange 



Load (Hg Into 
(DE), incremenl 
thepoinlecaand 
decrement the 
byte counter 
(BC) 
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ItBC-O 



IfBCitO 
IfBC -0 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued) 





SymboMe 








Flag* 


Opcocto 




Na.ol 


No. 0(11 


Ho.afT 


Coiranonli 




OparaUon 


S 


z 




H P/VN C 


n &4S 210 


Hk 


BylM 


CydM 


SMm 








(3) 


















CPIR 


A-(Hg 


t 


t 


X 


1 X t 1 • 


11 101 101 


ED 


2 


5 


21 


ifBC^Oand 

A#(HL) 




HL-HL + 1 










10 110 001 


B1 


2 


4 


16 


tfBC -Oor 




BC — BC-I 




















A * lUl \ 
* " (HL) 




Repefd until 
























A - (HL)or 
























BC - 




© 




cy 














CPO 


A - (HL) 

HL-~HL-1 

6C-BC-1 


1 


4 

# 

® 


A 


4 V t 1 ■ 

© 


1 1 *\J I I V I 

in ini fifii 


ED 


2 


4 


16 




CPDR 


A - (HL) 


t 


t 


X 


1 X t 1 • 


11 101 101 


ED 


2 


. 6 


21 


IfBC^Oand 






















A#(HD 




HL-HL-1 










10 111 001 


B9 


2 


4 


16 


IIBC > Oor 




8C-BC-1 




















ft - (HL) 




Repeat unta 
























A - (HL)or 
























BC-0 























UaiE: S) P/V»aoisOi1th«reaiitcifBC-l - 0, Mherwise P/V - 1. 
® p/VH^isOonlyalcomplGtionolinslructton. 
Q Z1lagls1itA-[HL},athenw9«Z-D. 



8-B)T ARITHMETIC AND LOGICAL GROUP 



SymboUc 
MitMiMnlc Oponrtlon 



S Z 



Flags Opcod* 

H P/V H C 7« M3 310 Hm 



NO.0I No.o(H lto.otT 

Bytoo CydM SWoa Commenta 



ADDA.r 


A*-A+r 


t 


t 


X 


t 


X 


V 





t 


10 


r 




ADDA,n 


A*-A + n 


t 


J 


X 


t 


X 


V 





t 


11 1 


oool 


110 






























ADDA.(HL) 


A-A+(HL) 


t 


t 


X 


t 


X 


V 





1 


10 110 




ADDA, (lX4-d)A*-A + {IX + d) 


t 


t 


X 


t 


X 


V 





t 


11 


oil 


101 


DD 






















10 110 
























-ti- 




ADD A, (IY + d)A'-A + (lY + d) 


t 


t 


X 


t 


X 


V 







ll 


111 


101 


FD 






















10 [TO] 110 




























ADC A.S 


A-A-ta + CY 


t 


t 


X 


» 


X 


V 





t 




001 






SUBs 


A-A-a 


t 


t 


X 


t 


X 


V 


1 


t 




010 






SBCA.S 


A-A-s-CY 


t 


t 


X 


1 


X 


V 


1 


t 




oil 






AMDs 


A*-A>S 


i 


1 


X 


1 


X 


p 










100 






OR 8 


A — A>s 


1 


t 


X 





X 


p 










110 






XORs 


A-Aoa 


t 


t 


X 





X 


p 










101 






CPs 


A-s 


t 


t 


X 


t 


X 


V 


1 


t 




111 







7 
19 



18 



r 


Reg. 


000 


B 


001 


C 


010 


D 


oil 


E 


100 


H 


101 


L 


111 


A 



sis any of I, n, 
(HLJ,(IX + d), 
(lY + cqas 
shown tor ADD 
Instnjction. The 
Indlcalsd bits 
replaced 
[5Q0] In the 
ADD set above. 



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued) 



UtMnionle 


Symbofc 
OpantUon 


s 


z 




u 

n 


P/VN 




Opcodtt 

in * 1 1# 




No. Of 

Bytes 


No.ofH No-olT 
CyclM SUrtM Commenta 


INCr 


r-r+1 


t 


t 


X 


t X 


V 





• 


00 r fTool 




1 


1 


4 


INC (HL) 


(Hg- 
















00 110 [Tool 












(HL) + 1 


t 


t 


X 


t X 


V 





* 




1 


3 


11 


INC (IX + d) 


(IX + d)- 


I 


t 


X 


I X 


V 





* 


11 011 101 


DD 


3 


6 


^3 




(IX + (j)+1 
















00 110 [Tool 




























-d- 










INC(IY + d) 


(lY + d)- 


t 


t 


X 


t X 


V 





• 


11 111 101 


FD 


3 


6 


23 


(IY + (j) + l 
















00 110 nool 






































DECm 


m --m-i 


t 


t 


X 


t X 


V 


1 


■ 


FTon 











z» I, (HL), (IX -i- d), (IV -fd) as shown fa INC, DEC same lormat and stales as (NC. Replace 1 100 I «nlh 1 101 I m opcoda. 



QENEnAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 



Symbolic 
MiMnwnlc OpMvtton 



s z 



Ragi Opcoda No. of No. of M No. of T 

H P/V N C 7e 543 210 Hox BytM Cycles StatM Comnwnta 



DAA 
CPL 



NEQ 



CCF 

SCF 
NOP 
HALT 
Dl * 
El * 
IMO 

IM 1 

IM2 



t t 



A-0 - A 



CY-CY 

CY-1 
No operalion 
CPU halted 
IFF-0 
IFF-1 
Set intenupl 
trodeO 
Set interrupt 
mode 1 
Set intwrupt 
mode 2 



t t 



X 


t 


X 


p 


■ 


t 


00 


100 


111 


27 


1 


1 


4 


Decimal adjust 




























accumulator. 


X 


1 


X 


* 


1 


■ 


00 


101 


111 


2F 


1 


1 


4 


Complement 




























accumulator 




























(ones 




























oomplemenl). 


X 


t 


X 


V 


1 


( 


11 


101 


101 


ED 


2 


2 


e 


Negate sec. 














01 


000 


100 


M 








(two^ 




























complement). 


X 


X 


X 


• 





t 


00 


111 


111 


3F 


1 


. 1 


4 


Complement 




























carry flag. 


X 





X 


ft 





1 


00 


110 


111 


37 






4 


Set carry flag. 


X 


• 


X 


« 


■ 


B 


00 


000 


000 


00 






4 




X 


• 


X 


■ 


■ 


• 


01 


110 


110 


76 






4 




X 


■ 


X 


* 


* 


• 


11 


110 


011 


F3 






4 




X 


■ 


X 


* 


* 


• 


11 


111 


011 


FB 






4 




X 


* 


X 


* 


• 


• 


11 


101 


101 


ED 


2 


2 


8 
















01 


000 


110 


46 










X 


• 


X 


■ 


• 


• 


11 


101 


101 


ED 


2 


2 


8 
















01 


010 


110 


56 










X 


■ 


X 


* 


• 


• 


11 


101 


101 


ED 


2 


2 


8 
















01 


oil 


110 


5E 











NOTES: O oonwrts accumulalor oonter* into packed BCD following add or subtract witti paoksd BCD operands. 
IFF indicatas the inlanupl enable Bip-lop. 
CY indicatBS tTie carry flip-Hop. 

* indkales interrupts are not sampled althe end ol El or 01. 



16-BIT ARITHMETIC GROUP 





SymboUe 

upflfmuon 


o 
9 






naga 

H 


P/V N 


c 


Opcode 
76 643 210 


Hex 


No. ot 

ByiM 


No.OfM No.ofT 
Cyclet States 


Commenta 


ADDHL, ss 


HL — HL + ss 


* 


* 


X 


X 


X 


* 





t 


00 


ssl 


001 




1 


3 


1 1 


ss 


Dan 




































00 


BC 


ADC HL, ss 


HL- 
































01 


DE 




HL + SS + CY 


t 


t 


X 


X 


X 


V 





t 


1 1 


101 


1U 1 


ED 


2 




15 


10 


HL 






















UT 


S5 1 


\) l\J 










11 


SP 


SBC HL, as 


HL- 






































HL-ss-CY 


t 


» 


X 


X 


X 


V 


1 


t 


1 1 


101 


101 


ED 


2 




1 R 


























U 1 


ssO 


010 














ADD IX, pp 


IX-IX + pp 


■ 




X 


X 


X 







t 


1 1 


□1 1 


1 ft-" 


DD 


2 


4 


15 


Mm 


Reg. 




















01 


nnl 


001 










00 


BC 




































01 


DE 




































10 


IX 




































11 


SP 


ADD IV, rr 


lY — lY + n 


* 


• 


X 


X 


X 







t 


1 1 


111 

1 1 1 


1 ni 


FD 


2 


4 


15 


rr 


Pea 




















00 


m 


001 










00 


BC 


INCss 


ss — ss + 1 


• 


■ 


X 


• 


X 


■ 


■ 


• 


00 


ssO 


oil 




1 


1 


6 


01 


DE 


INC IX 


IX-IX + 1 




■ 


X 


• 


X 


■ 


■ 


■ 


11 


Oil 


101 


DD 


2 


2 


10 


10 


lY 






















00 


100 


oil 


23 








11 


SP 


INC lY 


IY-IY + 1 




• 


X 


• 


X 


• 


* 




11 


111 


101 


FD 


2 


2 


10 


























00 


100 


oil 


23 












OECss 


sa — ss-1 




* 


X 


* 


X 


• 




• 


00 


ssl 


011 




1 


1 


6 






DEC IX 


IX-IX-l 




■ 


X 




X 


• 


• 


• 


11 


011 


101 


DD 


2 


2 


10 


























00 


101 


oil 


ZB 












DEC IV 


IV-IY-I 


■ 


• 


X 


■ 


X 


• 


* 


• 


11 


111 


101 


FD 


2 


2 


10 


























00 


101 


oil 


3B 













ROTATE AND SHIFT GROUP 



SynAolie Flaa" Opco«te No.ol No.olMNo.otT 

Mnemonic Openrtkin S Z H P/V N C 76 543 210 H« Bylea Cydea Stataa Commenta 



RLCA pyL ) 7^.v l ..X0X»Ot00 0OO11107 1 1 

RLA Lf^Ti— rrrry l . . x o x • o t oo 010 111 i? 



1 



RRCA 7 — M -RTI ..XOX'OtOOOOIIIIOF 1 1 

A 

Rpy^ L rv^n -i-i^ .. X X • I 00 011 111 IF 1 1 



RMate left 
cifcuiai 
accumulalor. 
Rotate leH 
accumulator 

Rotate rigtit 
circular 
accumulator. 
Rotate right 
accumulalor 



15 



ROTATE AND SHIFT GROUP (Continued) 



Symbolic 
MnanMnIc Operation 



s z 



FlMgt Opcoda No. of No. otM No. ofT 

H P/VN C 7B 543 210 Hon BytM CyclM StatM Comment* 



RLCr 
RLC (HL) 
RLC (IXtd) 

RLC(lY + d) 



t t X X P 0* » 



I I X X P t 



t t X X p t 

r,{Hy,(IX + d),(lY + d) 



I t X X P J 



11 QQ1 on CB 

00 FOOOI r 

11 001 oil CB 

00 000 110 

n oil 101 DD 

11 001 oil CB 

-d- 

00 [pool 110 



BLm 



RBCm 



RRm 



t 'P t t X X P t 

m = r,(HL,[IX + d),[IY + d) 



1 ^ 1 t X X P 1 

m-r,(HL).px + d),(lY + d) 



11 111 101 FD 
11 001 Oil CB 

-tl- 
00 fOOOl 110 

[010] 



looT] 



L | 7—1 1 — t t X X p □ t 

m = r,(HL),(IX + d),{iy + d) 



SLAm [hF-CI^*° t t X X P I 
m-r,(HL),pX + d),(IY + d) 



SRAm 



t t X X P t 



m-r(HL),(IX + d),(IY + d) 



SRLm H — ' I — ( I X X P t 

m = t,(HL},(IX + dl,pY + dl 



RLD [ V I I f'^ I I t t X X P 



rioT) 



11 101 101 ED 
01 101 111 6F 



RRD I I M I — T^TTmI t t X X P • 11 101 101 ED 2 
' "-■ — — Bsr' 01 100 111 67 



15 



23 



23 



Rotata left 
circular 
register r. 
r Rag. 



18 



IB 



000 
001 
010 
Oil 
001 
101 

111 



B 
C 
□ 
E 
H 
L 
A 



Instruction 
format and 
statasareas 
shown for 
RLCs. Tbtorni 
new opcode 
fBDiaee fooo] 
orRLCswitfi 

stiowncode. 



Rotate digit 
left and 
right tietween 
Itie accumu- 
lator and 
location {HL). 
Ttie conlant 
otttie upper 
halt ot the 
accumulator 
15 unaftacted. 
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BIT SET, RESET AND TEST GROUP 



SymboMe 
HiMmonte OpwMion 


8 


z 




H 


P/VN 


c 


Opcod* 

n S43 210 




No. of 


No.otM No.afT 
CydM SMm 


CQfnfMnto 


BIT b, r Z - Tb 


X 


t 


X 


1 X 


X 





■ 


11 001 oil 


CB 


2 


2 


6 


r Heg. 


















01 b r 










000 B 


BITh (HLl Z«-IHLlh 


X 


t 


X 


1 X 


X 





• 


11 001 Oil 


CB 


2 


3 


12 


001 C 


















01 b 110 










010 D 


BITb,{IX + (J)b Z-0X + (l)t, 


X 


t 


X 


1 X 


X 







11 Oil 101 


DD 


4 


5 


2D 


on E 


















11 001 01 1 


CB 








100 H 


















-d- 










101 L 


















01 b 110 










111 A 




























b BItlested 


BirbJiy+dlbZ — CY+tJib 


X 


t 


X 


1 X 


X 





■ 


11 111 101 


FD 


4 







000 


















11 001 Oil 


CB 








001 1 


















-d- 










010 2 


















01 b 110 










011 3 


SET b. r tb *- 1 


* 


• 


X 


• X 




■ 


* 


11 001 oil 


CB 


2 






100 4 
















QI] b r 










101 5 


SETb,(HL) (HL)b-1 






X 


• X 


* 


* 


* 


11 001 oil 


CB 


2 


4 




110 6 
















FTTI b 110 










111 7 


SETb,ftX + d) {IX + d)b-1 


* 


* 


X 


• X 


■ 


■ 


« 


11 on 101 


DO 


4 


G 


23 




















11 001 on 


CB 


























-d- 




























rrn b no 












SETb.{IY+cl) (lY+d)b-i 


« 


« 


X 


• X 


■ 


■ 


* 


11 111 101 


fD 


4 


6 


23 




















11 001 oil 


CB 


























■•-d-* 




























pm b 110 












RESb.m mb--0 


■ 


■ 


X 


• X 


• 


■ 


■ 












Totorm new 


mm (HL), 


























Opcode replace 


(IX + d), nv + d) 
























Ql]ofSET b,s 




























with [Tol Flags 




























and Hme 




























states tor SET 




























instruction. 



WTE: The rotation mij iiidlcates locatioo m, toil b (0 10 7). 
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JUMP GROUP 





Svmbollc 






Raoi 






Opcocto 




No. Of 


No.otM No.ofT 




Mnemonic OparMion 


s 


z 


H P/VN 


c 


M 1 1 tun 


nn 


Dym 


CyclM 


StalM 


JPnn 


PC — nn 


« 


« 


X • X • 




• 


11 000 01 1 


C3 


3 


3 


10 


cc Condition 














— n — 










000 NZ|nonMro) 
















— n — 










001 Z (zero) 


JP cc, nn 


It condition cc 


• 


• 


X • X • 


• 


* 


11 cc 010 




3 


3 


10 


010 NC (non-carry) 


is true PC— nn 












— n-* 










01 1 C (carry) 




□tlierwise 












— n-* 










100 P0(pari1yodd) 




continue 






















101 PE (parity even) 


JRe 


PC-PCte 


■ 


■ 


X • X • 


* 


• 


00 Oil 000 


18 


2 


3 


12 


110 P (sign positive) 












-e-2- 










111 M (sign negative) 


JRC.e 


ltC-0. 


• 


• 


X • X • 


• 




00 111 000 


3B 


2 


2 


7 


It condition not met. 




continue 












-a-2- 














ltC-1, 
















2 


3 


12 


Ifcondrtion \s met. 




PC-PC + e 
























JRNCe 


IFC=1, 


* 


■ 


X ■ X • 


* 


* 


00 110 000 


30 


2 


2 


7 


(1 condition not met. 




continue 












-e-Z-* 














lfC-0, 
















2 


3 


12 


It condition is met. 




PC-PC + e 
























JPZ.e 


lfZ = 


* 


* 


X ■ X • 


* 


• 


00 101 000 


28 


2 


2 


7 


It condition not met. 




conlinue 












-e-2- 














HZ^ 1, 
















2 


3 


12 


If condition is met. 




PC — PC + a 
























JR NZ, 8 


ltZ-1, 


* 


■ 


X • X • 


* 


• 


00 100 000 


20 


2 


2 


7 


If condition not met. 




continue 












-e-2- 














itz=o. 
















2 


3 


12 


It condition is met. 




PC — PC + e 
























JP (HL) 


PC-HL 


« 


• 


X • X • 


■ 


• 


11 101 001 


E9 


1 


1 


A 




JP (IX) 


PC -IX 


• 




X • X • 


• 




11 Oil 101 


DD 


2 


2 


6 
















11 101 001 


EG 










JP(IY) 


PC-IV 


* 


■ 


X • X • 


• 


* 


11 in 101 


FD 


2 


2 


8 
















11 101 001 


E9 










OJNZ.e 


B-B-1 


• 


• 


X • X • 






00 010 000 


10 


2 


2 


S 


If B = 




lfB = 0, 












-e-2- 














conlinue 


























II 81*0. 
















2 


3 


13 


II 85*0. 




PC-PC + e 

























NOTES: e represents itie entersion in me rslBtii* addressing mode. 

e is a agnal two's complemBnt numtHr in ttia tanoe < -126. 129 >. 

9 - 2 in the opooda piovidas an elfeclivB address ol pc + e as PC is incrememed tjy 2 prior to the addition 
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CALL AND RETURN GROUP 





Symboltc 














Opcod* 




No, of 


No.otM No.ofT 






Mnemonic Oparation 








H 


P/VN 


c 


76 


543 210 




Bytea 


CydM 


StatM 


Conwnanta 


CALL nn 


(SP-I)-PCh 


• 


■ 


X 


• X 


• • 


* 


11 


001 101 


CD 


3 


5 


17 








(SP-2)-PCl 
















— n 
















PC*-nn, 
















*- n 














CALL cc.nn If conditfon 


• 


• 


X 


• X 


• * 


• 


11 


CC 100 




3 


3 


10 


If cc Is false. 




cc is false 
































conlinue. 




















3 


5 


17 


If cc is true. 




otheiwise 
































sama as 
































CALL nn 






























RET 


PCl-(SP) 


• 


• 


X 


• X 


• ■ 


■ 


11 


001 001 


C9 


1 


3 


10 








PCh-{SP + 1) 






























BETcc 


If condition 


* 


• 


X 


• X 


• • 


• 


11 


cc 000 




1 


1 


5 


11 eels false. 




cc is false 
































continue. 




















1 


3 


11 


If cc is true. 




oltiefwise 
































same as RET 


























cc 


Condition 






























000 


NZ [non-zero] 






























001 


Z (zero) 






























010 


NC (non-carry) 


RETI 


Return from 


■ 


■ 


X 


• X 


* • 


• 


11 


101 101 


ED 


2 


4 


14 


011 


C [carry] 




Interrupt 














01 


001 101 


40 








100 


PO [parity odd) 


RETN1 


Ralurn from 


• 


• 


X 


• X 


• * 


* 


11 


101 101 


ED 


2 


4 


14 


101 


PE (parity even) 




non-maskable 














D1 


000 101 


45 








110 


P (sign posilive) 




interrupt 


























111 


M (sign negative) 


RSTp 


(SP-I)-PCh 






V 
A 








11 


t 111 




1 


3 


11 


t 


P 




1SP-2)-PCl 


























000 


DOH 




PCh-0 


























001 


OBH 




PCl-P 


























010 


10H 






























oil 


18H 






























100 


20H 






























101 


2BH 






























110 


30H 






























111 


38H 



NOTE: ■'RETNIoadslFF2-IFFi 
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INPUT AND OUTPUT GROUP 



S^bollc Flags Opcode No. of Ho. of M No. of T 

Mn«mo>dc OpMUon S Z H P/VN C 76 543 210 H«i BytM CyclM StatM CommMts 



IN A (n) 




• • X 


• 


X 


• 


« 


« 


11 


oil 


01 


DB 


2 


3 


11 


n 10 Aq A7 


















— n 












Acc. toAe"j Ai5 


IN r, (C) 


r — (C) 


t t X 


t 


X 


p 





• 


11 


101 


101 


ED 


2 


3 


12 


C to Ao «' A7 




IT I = 1 1 u Only 














01 




000 










B to Ab Ai ^ 




LI ICr llflyO T"PFI 






























































































iNi 




X t X 


X 


X 


X 


1 


X 


11 


101 


101 


ED 


2 


4 


16 


C to Aq n- A7 




B B- 1 














10 


100 


010 


A2 








B to A3 Ai 5 




HL HL+ ^ 






























INIR 




X 1 X 


X 


X 


X 


1 


X 


11 


101 


101 


ED 


2 


5 


21 


CtoAo-x A7 




B — B-1 














10 


110 


010 


B2 




(H B#0) 




Bro Ag'^ Ai5 
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NOTES ® llitiBreeullotB-1 iszBfO,llie"Zfla9lS8et;othBrwseitiareaal. 
Z ttag 13 set jpon Instruction cofnplelian only. 
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SUMMARY OF FLAG OPERATION 



I>7 Do 
iMtructloiw 9 Z H P/V M C ComnwnU 



ADD A, S: AlAv A, s 


* 

f 


4 
* 




1 

* 


X 


V 





t 


fl-bil add or add with carry. 


SUB a; SBC A. 5; CP s; NEG 


t 




X 


* 

I 


V 


V 


1 
1 


* 


B-bilsublracl, subtract with carry, compare arid negate 


















BCCLinuialor 


ANDs 


t 


t 


X 


1 


X 


P 








LoQical operation. 


Ofl8,XOHs 


t 


t 


X 





X 


p 










INCs 


t 


1 


X 


t 


X 


V 





« 


8-bil incremenl. 


DECS 


1 


t 


X 


t 


X 


V 


1 


■ 


fl'bif decremerit. 


ADD DD, SS 


* 


• 


X 


X 


X 


■ 





t 


16-biI add. 


ADC HL, SS 


t 


t 


X 


X 


X 


V 





t 


1 6-bil add with carry. 


SBC HL. SS 


t 


t 


X 


X 


X 


V 


1 


t 


1 e-bit subtract with carry. 


RLA; RLCA; RRA; RRCA 


> 


• 


X 





X 


« 





t 


Rotate accumulator. 


RLm; RLCm; RRm; 


1 


t 


X 





X 


p 





t 


Ro^te and ^itt locatioris. 


RRC m; SLA m: 




















SRAm; SRLm 


















ntiraie uiyii lui lu 1 1^1 ii. 


RLD; RRD 


1 


t 


X 





X 


p 





* 


DAA 


t 


t 


X 


t 


X 


p 


* 


t 


DeciiTial adjust accurriuiator 


CPL 


■ 


■ 


X 


1 


X 


« 


1 


* 


Complement accumulator 


XF 


• 


* 


X 





X 


■ 





1 


Set carry. 


CCF 




• 


X 


X 


X 


• 





t 


Complwrenl carry. 


INr(C) 

INI;INO:OUTI;OUTD 
INIR;INDR;OrtR: OTDR 


t 


t 


X 





X 


p 





* 


Inpul register irtdirect. 


X 


t 


X 


X 


X 


X 


1 


* 


Block input and output. Z = 1 itBi* 0, olherwiseZ - 0. 


X 


1 


X 


X 


X 


X 


1 


• 


Blockinputandoulput, Z - 1 if B I'D, otherwise Z = 0. 


LDI; LDD 

LDIR; LDDR 

CPI: CPtR; CPD; CPDR 


X 


X 


X 





X 


t 







Block transterinstructions. PA* = 1 BBC #0, otherwise P/V = 0. 


X 


X 


X 





X 








■ 


Block transfer instructions. PA/ = 1 if EC 1*0, otherwise P/V - 0. 


X 


t 


X 


X 


X 


t 


1 


> 


Block search instructions, Z = 1 ifA = (HL), otherwiseZ - 0. 


















P/V = 1 if BC # 0, otherwise P/V = 0. 


LDA; 1, LDA.R 


t 


t 


X 





X 


(FF 





* 


IFF. tfiecontentoflheintBrnjpt enable fli[>flop, 0FF2), is copied 


















into the P/V flag. 


BITb,s 


X 


( 


X 


1 


X 


X 







The state of bit b of location s is copied into the Z tiag. 



SYMBOLIC NOTATION 

Symbol Opsnrtion 

S Sign flag, S = 1 if tfie MSB of ttie result is 1 , 
Z Zen3ffag,Z - 1 1ftheresultoftheoperationisO, 
PA/ Parity ot overftow flag. Parity (P) and overflow (V) 
sfiare ttie same flag. Logical operations atfod 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
werfiowoftheresult. It PA/ holds parity: P/V = 1 
if the result of the operation Is even; PA/ = if 
resutt Is ocid. If PA/ holds overflow, PA/ = l if the 
result of the operafion produced an overflow. If ■ 
P/V does not hold cwerflow, PA/ - 0. 
H' Halt-carry flag, H - 1 if the add or subtract 
operation produced a carry into, or bornaw from, 
btt 4 of the accumulator 
N' /\dd/Subtraot flag. N - 1 if the previous 

operation was a subtract, 
C Cairy/Linkflag.C = 1 iftheopefationpnaduced 
a carry from the MSB of the operand or result. 



Symbol Operation 



1 The flag is affected according to the result of the 
operation. 

• The flag is unchanged by the operation, 

The flag is reset by the operation. 

1 The flag is set by the operation. 
X The flag is indeterminate, 

V P/V flag affected according to the overflow reajlt 

of the operation, 
P PA/ flag affected according to the parity result ot 

the operation, 
r Any one o the CPU registers A. B. C, D. E, H. L 
s Any B-bit location for all the addressing modes 

allowed for the particular instruction, 
SS Any 16-bit location for all the addressing modes 

aliiDwed for thai instruction, 
ii Any one of the bNO index registers IX or lY, 
R Refresh counter, 
n 8-bi1 value in ranBe< 0. 255 >, 
nn 16-bi1 value in range< 0. 65535 >, 



• H 8r« N flaos are used in corjurdior. vrth Ihe dscimal adjust instnjctior. (DAA) to properly correct the result irto packed BCD (ormat toitowir-g addition or 
subtradiDri J?!' 3e inds wiffi packed BCD format. 
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CPU REGISTERS 



Figure 4 shows Itiree groups of registers within the CPU. 
The first Qroup consists of duplicate sets of 8- bit registers a 
principal set and an alternate set [designated by ' (prime), 
e g . A'] Both sets consist ol the Accumulator register, the 
Flag register, and sir. general -purpose registers. Transfer of 
data between these duplicate sets of registers is 
accomplished by use of 'Exchange" instructions. The 
result IS faster response to interrupts and easy, efficient 
implementation of such versatile programming techniques 



as background -for eg round data processing. The second 
set of registers consists of six registers with assigned 
functions These are the I (Interrupt register], the R (Refresh 
register), the IX and lY (Index registers), the SP (Stack 
Pointer), and the PC (Program Counter). The third group 
consists of two inlenupt status flip-flops, plus an additional 
pair of flip-flops which assists in identifying the interrupt 
mode al any particular time Table 1 provides further 
information on these registers. 



MatH HEQISTEB Ser »LTeKB»TE REQISTER SET 



ft ftCi:UHUL4T0Fl 


1- FLAO FLECISTER 


A ACCUMULATOR 


F' FLAG REGISTER 


& GETJERAL PURPOSE 


C GENERAL PURPOSE 


B' GENERAL PURPOSE 


C GENERAL PURPOSE 


□ GENERAL PURPOSE 


? GENERAL PURPOSE 


P' GENERAL PURPOSE 


E' GENERAL PURPOSE 


H GENERAL PURPOSE 


L GENERAL PURPOSE 


H' GENERAL PURPOSE 


L' CENTRAL PURPOSE 



S BITS 



II iKQEi nteiSTEn 



H INDEK HEClSTEd 



5P STACK POIhTER 



PC PROGfl^^M COUNTER 



I IhTERI'UPT VECTOR 



R VEI^ORY REFRESH 




HTERRU&T fllp.FLOPS STATUS 



r = INTERRUPTS DISABLED 
- 1 = INTEftfiUPTS ENOHLEn 



STORES If Fl 
DURING NHI 

S( nvicE 



INTERRUPT MODE FLIP FLOPS 



INTERfiupT MODE 
not USED 
INTERRUPT MODE I 
INTERRUPT MODE -J 



Figure 4. CPU Registers 



INTERRUPTS: GENERAL OPERATION 

The CPU accepts two interrupt input signals' NMI and INT 
Ttie NMI IS a non-maskable interrupt and tias the highest 
priority INT is a lower priority interrupt and it requires that 
interrupts Pe enabled in software in order to operate. INT 
can be connected to multiple peripheral devices in a 
wired-OR conliguration 

The Z80 has a single response mode lor interrupt service 
on the non-maskable interrupt. The maskable interrupt, 
INT, has three programmable re^onse rnodes available. 
These are: 

■ H/odeO similar to the 8080 microprocessor. 

■ Mode 1 — Peripheral Interrupt service for use with 
non-S080,'Z80 systems 



■ Mode 2 - a vecitored intenupt scheme, usually daisy- 
chained, for use with the Z80 Family and compatible 
peripheral devices. 

The CPU services interrupts by sampling the NMI and INT 
signals at the rising edge of the last clock ol an instruction. 
Further interrupt service processing depends upon the type 
of interrupt that was detected. Details on interrupt 
responses are shown in the CPU Timing Section 

Non-Maskable Interrupt (NMI). The nonmaskable 
interrupt cannot be disabled by program contr ol an d 
therefore will be accepted at all times by the CPU. NMI is 
usually reserved for servicing only the highest priority type 
interrupts, such as that lor orderly shutdown after power 
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PIN DESCRIPTIONS 



Aq-Ais. Address Bus (output, active High, 3-state). Aq-Ais 
form a 16-bit address bus. The Address Bus provides the 
address for memory data bus exchanges (up to 6dK byles) 
and tor i/O device exchanges 

BUSACK. Bus Acknowledge (output, active Low), Bus 
Acl^nowiedge indicates to the requesting device t hat the 
CPU address bus, data bus, and control signals MREQ, 
lORO, RD, and WR have entered their high-impedance 
states. The OKternai circuitry can now controi these lines 

BUSREQ. Bus Request (inpu t, active Low). Bus Request 
has a higher priority than NMI and is always rec ognized at 
the end of the current machine cycle. BUSREQ for ces the 
CPU address bus, data bus, and control signals MREQ, 
lORO, RD, and WR to po to a high-im pedance s tate so that 
other devices can control these lines. BUSREQ is normally 
wired-OR and requir es an ex ternal pullup for these 
applications. Extended BUSREQ periods due to extensive 
DMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 

D0-D7. Dafa Bus (input/output, active High. 3-state). Dq-D? 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and I/O, 

HALT. Halt Slate (output, active Low). HALT indicates that 
the CPU has executed a Halt instruction and is awaiting 
either a nonmaskable or a maskable interrupt (with the mask 
enabled) betore operation can resume. While halted, the 
CPU executes NOPsto maintain memory refresh. 

Int. Interrupt Request (\npuX, active Low). Interrupt Request 
is generated by I/O devices. Tfie CPU honors a request at 
the end of the current instruction if the internal 
software- control led interrupt "enable flip-flop (IFF) is 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 

jiORQ . Input/Output Request (output, active Low, 3-state]. 
lORO indicates that the lower half of the address bu s holds a 
valid I/O address for an l/Q read or write operation. lORQ is 
also generated concurrently with tv!1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. 



Ml. Machine Cycle One (output, active Low), Ml, together 
with fvlREQ, indicates that the current machinecycie is the 
opc ode fet ch cycieof an instruction execution. Ml, together 
with lORQ, indicates an interrupt acknowledge cycle. 

MREQ . Memory Request (output, active Low, 3-state). 
MREQ indicates that the address bus holds a valid address 
for a memory read or memory write operation. 

Niiir. Mon-Maskable Interrupt (input, riegative edge- 
triggered). NMI has ahigher priority than INT NMI is always 
recognized at the end of the current instruction, 
independent of the status ol the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
0066H. 

"RD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an I/O device. The 
addressed I/O device or memory should use this signal to 
gate data onto the CPU data bus. 

RESET. Rese((input, active Low). RESET initializes the CPU 
as lollows: it resets the interrupt enable flip-flop, clears the 
PC and Registers 1 and R, and sets the interrupt status to 
Mode 0. During reset time, the address and data bus go lo a 
bigh-impedance state, and a ll contro l output signals go to 
the inactive state. Note that RESET must be active for a 
minimum of three full clock cycles before the reset operation 
IS complete. 

RFSH . Reliesh (output, active Low). RFSH, together with 
MREQ, indicates that the lower seven bits of the system's 
address bus can be used as a refresh address to the 
system's dynamic memories. 

WATT. WaK (input, active Low) WAIT indicates to the CPU 
that the addressed memory or I/O devices are not ready for 
a data transfer The CPU continues to e nter a Wait stale as 
long as Ihis signal is active. Extended WAIT periods can 
prevent the CPU from properly refreshing dynamic 
memory 

WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data lo be stored at the addressed 
memory or I/O location 
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CPU TIMING 



The Z80 CPU executes instructions by proceeding Ihrougli 
a specHic sequence of operations: 

■ Memory read or wrile 

■ I/O device read or wnle 

■ Inlerrupl acknowledge 

The basicclock period is referred to as a T time or cycle, and 
three or more T cycles make up a mactiine cycle (M!, M2 or 
M3 lor instance). Machine cycles can be extended either by 
the CPU automatically inserting one or more Wait stales or 
by the insertion of one of more Wait states by the user. 



Instruction Opcode Fetcii. The CPU places the contents 
ot the Program Counter (PC) on the address bus at the start 
ot th e cycle (Figure 5). Approximately one-hall clock cycle 
later, MREQ goes active. When active, RD indicates that the 
memofy data can be enabled onto the CPU data bus. 

The CPU samples the WAIT input with the tailing edge of 
clock state Tg. During clock states T3 and T4 of an M1 cycle, 
dynamic RAM refresh can occur while the CPU starts 
decoding and executing the instruction. When the Refresh 
Control signal becomes active, refreshing of dynamic 
memory can take place. 




Figure 5. Instruction Opcode Fetcti 
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Memory Read or Write Cycles. Figure 6 shows Itie timing 
of_rTiemory rea d or writ e cycles other than an opcode letch 
(Ml) cycle. The MREQ and RD signals tu net! on exactly as in 
the fetch cycle. In a memory wnte cycle, MREQ also 



becomes active when the address bus is stable. The WR line 
is active when the data bus is stable, so that it can be used 
directly as an R/W pulse to most semiconductor memories. 




Figure 6. Memory Read or Write Cycles 
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Input or Output Cyctos. Figure 7 shows the liming lor an extra Wait state allows sutficient time lor an I/O port to 
I/O read or I/O write operation. During I/O operations, the decodettieaddressfrom the port address lines. 
CPU automatically inserts a single Wait state (Twa) This 




Tha - One trail cyclt fkiromalicBllv InriiHd Dy CPU 

Flgure 7. Input or Output Cycles 
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Interrupt Request/Acknowledge Cycle. The CPU 

samples the interrupt signal with the rising edge of the last 
clock cydeattheend of any instruction (Figure 8). When an 
interrupt is accepted, a special M^ cycle is generated. 



During this Ml cycle, lORQ becomes active (instead ol 
MREQ) to indicate that ^e interrupting device can place an 
8-bit vector on the data bus. The CPU automatically adds 
two Wait states to this cycle. 
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Non-Maskabis Interrupt Reqiisst Cycle. NMI is sampled 
at the same time as the maskable interrupt input INT but has 
higher priority and cannot be disabled under software 
control. The subsequent liming is similar to that of a normal 



memory read operation except that data put on the bus by 
the memory is ignored. The CPU instead executes a restart 
(RST) operation and jumps to the NMI service routine 
located at address 0066H (Figure 9). 



- l*Sr U CYCLE - 



. _U1 — 1 


Ti 


Tj 


TI 




T. 


Il 




■ Allhough NMI Is an nyiKhxHioH Input, to suvHIH lu Mng irasnlad on llw foUowIng micNno eyd*. NHI'* tolling sdgo must occu. no later tlun tiK rtting Mg* 
ol >lH clack cyclE pncedlng (he luat >um of inr InMnjcilon cycK ftu3- 



FtgureS. rion-Maskable Interrupt Rxtuest Operation 
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Bus Request/Acknowledge Cycle. The CPU samF^es 
BuSftEO with the rising edge of the last clock period of any 
machine cycle (Figure 10) . If BUSREQ is active, the CPU 
sets rts address, data, and MREQ, lORQ, RD, and WR lines 



to a high-impedance state with the rising edge of the next 
clock pulse. At that time, any external device can t^e 
control of these lines, usually to transfer data between 
memory and I/O devices. 




UNCHANGED 



HOTES^ I] TLii = LatltUlVDlBnrHCfCle- 

2) T. = AnarBllriFycloclfnrtllulMlniKIUMIinjdnlln, 



Figure 10. BUS Request/Acknowledge Cycle 



Halt Acknowledge Cycle. When the CPU receives a HALT active and remains so until an interrupt is received (Figure 
instruction, it executes NOP states until eithe r an IN T or NMI 11). INT wtll also force a Halt exit, 
input is received. When in the Halt state, the HALT output is 




'Alttwuflh NMIISBnoynchronous Inpul, Is guiranlee lis bsing rscognlisd on lha lallowlng inaclilne cycle, NMI's tailing adgairusl occur no 
lltat <han Iha rt>4ng sdg> of Ih* clock cycle precadlng lha last slate ot any Inslnicllon eycia l^i}. 



Figure 11 . Halt Acknowledge 



Reset Cycle. RESET must be active for at least threeclock internal T cycles are consum ed beto re the CPU resumes 

cycles tor the CPU to properly accept it. As long as RESET normal processing operation. RESET clears the PC register 

remains active, the address and data bu ses Iloat, and the so the tirst opcode (etch will be to location OOOOH 

control outputs are inactive. Once RESET goes inactive, two (Figure 1 2), 



MHEQ, 

IQRQ , 
HfSH, 

HALT 




Figure 12. Reset Cycle 
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Power-[)own mode of operation {Only applies to CMOS This mode is also referred to as the "star>dby mode', and 
Z80 CPU). supply current for the CPU goes down as low as 10 uA 

CMOSZ80CPU supports Power-Down rrxxleof operation. (Where specified as Ice,). 



Power-Down Acknowledge Cycle. When the cloci< input 
10 the CPU IS stopped ai either a High or LowleveUhe CPU 
siODS its operation and mairitains all registers and control 
signals However l-^^ (standby supply current) is 
guaranteed only when the system clock is Stopped at a Low 



level during Tj ot the machine cycle lollowmg the execution 
ol the HALT instruction The liming diagram for the 
power-down function when implemented with the HALT 
instruction, is shown in Rgure 1 3. 




\ 



-ff- 



Figure 13, Powrer-Down Acknowledge 
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Power-Down Release Cycle. The system clock must be 
supplied to the CPU to release the power-down state. When 
ihe system clock is supplied to the CLK input, the CPU 
restarts operations from the point at which the power-down 
slate was implemented. 

The liming diagrams lor the release from power-down mode 
are shown In Figure 14. 



NOTES. 

1 1 When tlie externa! oscillalor has been stopped lo enter the power down 
slate, some wann-up lime may be required to obtain a stable clock tor 
the letease 

2) When the HALT inslniction is e-ecjled to enter the power-dQiM n sla te, 
me CPU "ill also enter the Hall aale An interru pi signal (eFttier NMI or 
iRTl or a RESET signal must be applied 10 the CPU attar the sysleir 
dock IS supplied in order to release llie poiver-down stale. 



If I J -3 - < 

n_njn_rLR 



\ 



/ 



-ff- 



Figure 14a. 



-ff- 



r, I, T. 




\ 



-ff- 



-ff- 



/ 



Figure 14b. 



-ff- 



T, T, Ti r™ T*, 




-ff- 



-ff- 



J 



Figure 14c. 
Figura 13. Power-Down Release 



f 
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ABSOLUTE MAXIMUM RATINGS 



Voltage on Vcc wilh respect to Vss -0.3V to + 7V 

Voltages on all inputs with respect 

to Vss -0.3V to Vcc + 0.3V 

Operating Ambient 

Temperature SeeOrdefinglnformation 

Storage Temperature - 65 "C to + 1 50 =C 



Slresses greater lhan Ihose listed under Absolute Maximum Ratings may 
cause permanem damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated >t] the 
operational sections of tfiese specilications js not implied. Enposure to 
absolute maMmum rating conditions lor emended periods may affect 
device reliability 



STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

■ s = ircto+7iw; 

Voltage Supply Range: 

NIvlOS: +4 75V < VCC < +5.25V 
CfwIOS: +4 50V < VCC < +5.50V 

■ E= -40°C to 100°C. +4.50V < VCC < +5.50V 

All ac parameters assume a load capacitance of TOO pf. Add 
10 ns delay tor each 50 pf increase in load up to a maximum 
of 200 pt for the data bus and 1 00 pf for address and control 
lines. AC timing measurements are referenced to 1 .5 volts 
(except for dock, which is refererx:ed toftie 10% and 90% 
points). 



The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 




2.iK 



I 
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DC CHARACTERISTICS (Z84C00/CMOS Z80 CPU) 



Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


"ILC 


Clock Input Low \foltage 


-0.3 


Q.45 


V 




V|HC 


Clock Input High Voltage 


vcc-.e 


Vcc + -3 


V 




Vii 
^IL 


Input Low Voltage 


-03 


o.e 


V 




ViH 


Input Hign Voltage 


2.2 


Vrr 


V 




Vol 


Output Low Voltage 




0.4 


V 


1 ^ n n mi 
IQL = '^'0 mA 


'OH, 


Oi limit Hidh Voltaoe 


24 




V 


Iqh = -1.6 mA 






Vcc - 0-9 




V 


IQH = -350(iA 


ICCi 


Power Supply Cuitent 4 MHz 




20 


mA 






6 MHz 




30 


A 

mA 


V(H ^ Vcc - 2V 




8 MHi 




An 
40 


mA 


V|L = 0.2V 




10 MHz 




50 


mA 


Vcc = ^V 




20 m-\/ 




too 


mA 




standby Supply Current 




10 


^iA 


Vcc = 5V 












CLk = (0) 












V|H - Vcc - 2V 












V|L = 0.2V 


III 


Input Leakage Current 


-10 


10 




V,n - 4 to Vcc 




3-Stale Output Leakage Current in Float 


-10 


102 




VouT - 0.4 to Vcc 



1 Measuiements i riaqe w i lti out puts lloatmg 

3 ^cj^a^dbysiip^ycu™^^^ 

Iheexeculion ola HALT insfiuciion 



CAPACITANCE 

Symbol 



Parameter 



MIn 



Max 



Unit 



CcLOCK 
CoUT 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



10 

s 

15 



pi 

p( 
pf 



= 25°C,t ' 1 MHz 
Unmeasured pins relumed 10 ground 
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AC CHARACTERISTICS^ (Z84C00/CMOS 280 CPU) 



V(.^=5.0V± 10%, unless ottierwise specified 









28400004 


'ZMCOOOG 


Z84C0008 


Z84C0010 


Ze4C0020[11 


Unit Note 


No 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 




1 


TcC 


Clock Cycle lime 


250* ex; 


162* DC 


125* DC 


100* DC 


50* 


DC 


nS 


2 


TwCh 


Clock Pulse width (high) 


110 


DC 


65 


DC 


55 


DC 


40 


DC 


20 


DC 


nS 


3 


TwCI 


Clock Pulse width (low) 


110 


DC 


65 


DC 


55 


DC 


40 


DC 


20 


DC 


nS 


4 


TfC 


Clock Fall time 




30 




20 




10 




10 




10 


n3 


5 


TrC 


Clock Rise time 




30 




20 




10 




10 




10 


nS 


6 


IcICf(A) 


Address vaild from Clock Rise 




110 




90 




eo 




65 




57 


nS [2] 


7 


TdA(MREOf) 


Address valid to /MREQ Fall 


65- 




35* 




20* 




5* 




-15* 




nS 


8 


TdCf(MREQt) 


Ck)ck Fall to ^REQ Fall delay 




85 




70 




60 




55 




40 


nS 


9 


TdGr(MREOr) Clock Rise to AflREQ Rise delay 




85 




70 




60 




55 




40 


nS 


10 


TwMREQh 


/MREQ pulse width (High) 


110" 




65* 




45** 




30* 




10* 




nS [3] 


11 


TwMREQI 


/MREQ pulse width (low) 


220- 




132- 





100* 





75* 




25" 




nS |3] 


12 


TdCflMERQr) 


Clock Fall to /MREQ Rise delay 




85 




70 




60 




55 




40 


nS 


13 


TdCI(RDf) 


Ckick Fall to /RD Fall delay 




95 




80 




70 




65 




40 


nS 


14 


TdCrfRDr) 


Clock Rise to /RD Rise delay 




85 




70 




60 




55 




40 


nS 


15 


TsD(Cr) 


Data setup lime to Clock Rise 


35 




30 




30 




25 




12 




nS 


16 


ThD[HDr) 


Data hold time after /RD Rise 



























nS 


17 


TsWAIT(Cf) 


/WAIT setup time to Clock Fall 


70 




60 




50 




20 




7.5 




nS 


18 


ThWAITfCO 


/WAIT hold time after Ckx;k Fall 


10 




10 




10 




10 




10 




nS 


19 


TdCf(M1f) 


Ctock Rise to /luti Fall delay 




100 




80 




70 




65 




45 


nS 


20 


TdCKMIf) 


Clock Rise to /M1 Rise delay 




10Q 




80 




70 




65 




45 


nS 


21 


TdCr(RFSHft 




Clock Rise to /RFSH Fall delay 




130 




110 




95 




80 




60 


nS 


22 


TdCr(RFSHt) 


, Clock Rise to /RFSH Rise delay 




120 




100 




85 




80 




60 


nS 


23 


TdCf(RDrt 


Clock Fall to /RD Rise delay 




85 




70 




60 




55 




40 


nS 


24 


TdCr(RDI) 


Clock Rise to /RD Fall delay 




85 




70 




60 




55 




40 


nS 


25 


TsD<Cf) 


Data setup to Clock Fall during 




























M2, M3, M4 or MS cycles 


50 




40 




30 




25 




12 




nS 


26 


TdA(IOROI) 


Address stable phot to 


180' 




107* 




75" 




50* 




0* 




nS 






/tORO Fall 
























27 


TdCrflOHOf) 


Clock Rise to /lORQ Fall delay 




75 




65 




55 




50 




40 


nS 


28 


TdCI[10RQr) 


Clock Fall to /ICmO Rise delay 




66 




70 




60 




55 




40 


nS 


29 


IdD(WRf)Mw 


Data slable prior to/WR Fall 


80" 




22* 




5* 




40* 




-10* 




nS 


30 


TdCffWRf) 


Ckx;k Fall to /WR Fall delay 




80 




70 




60 




55 




- — 

40 


nS 


31 


TwWR 


/WR pulse width 


220' 




132* 




100* 




75* 




25" 




nS 


32 


TdCf(™r) 


Ck)ck Fall to /WR Rise delay 




80 




70 




60 




55 




40 


nS 


33 


T(ID(Wflf)IO 


Data stable prior to /WR Fall 


-10- 




-55* 




-55* 




-10' 




-30' 




nS 


34 


TdCr(WRf) 


Clock Rise to /WR Fall delay 




65 




60 




60 




50 




40 


nS 


35 


TdWRr(D) 


Data stable from /WR Rise 


60- 




30* 




15* 




10* 




0* 




nS 


36 


Tda(HALT) 


Clock Fall lo /HALT L' or H 




300 




260 




225 




90 




70 


nS 


37 


TwMMI 


/NMI pulse widtfi 


80 




60 




60 




60 




60 




rS 


3B 


TsBUSREQ 


/BUSREQ setup lime 


50 




50 




40 




30 




15 




rS 



(Cr) to Ckx:k Rise 



'For Llock DeTiods other lhan the fTiiiimums sioi™n, calculate oa'arneiers us^ng :he rabie on :he foliowirig page 
Calculated values above aESumed TrC = TiC = 20 ns 
tUnts in nanoseconds (ns) 

11 For kiadhig £ 50 pi Decraass wMIti t>y 10 na toreacti addHonaJ 50 pt. 

■-4 M\ \2 CMOSZ80 is obsoleled and replaced by 6 MHz 
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AC CHARACTERISTICS^ {Z84C00/CMOS Z80 CPU; Confinued) 

V™=5.0V ± 10%, unless otherwise specilied 









7Hjr^nonA 


■Z84C0006 


Z84C0008 


ZS4C0010 


Ze4C0020[1j 


Unit Note 


no 






Mln Uai 

ITIPl 1 FTn^A 


Min 


Max 


Min 


Max 


Min 


Max 


Min Max 
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ThBUSREQ 


/BUSREQ hold lime 


10 


10 




10 




10 




10 


nS 




(Cr) 


after Clock Rise 


















nS 


40 


TdCr 


Clock Rise to /BASACK 


1CX) 




90 




eo 




75 


40 




(BUSACKf) 


Fall delay 




















A 1 

I 1 


1 UV^P 


C\nfk Fall to /BASACK 


100 




on 








75 


40 


nS 




(BUSACKr) 


Rise delay 














CO 


40 




42 


TdCt(Dz) 


Clock Rise to Data float delay 


90 




60 




7n 
/u 




nS 


A3 


TdCr(CTz) 


Clock Rise to Control Outputs 
























Float Delay (/MREQ, /lORQ, 


















nS 






IRD and /WR) 


eo 




70 




60 





65 


40 


44 


TdCt(Az) 


Clock Rise to Address 


90 




80 




70 




/ 3 


40 


nS 






tloat delay 
















0* 


nS 


45 


TdCTr(A) 


Address Hold time from /MREQ, 


ao* 


35" 




20 




on* 








/lORQ, /RDor/WR 
















15 




46 


TsHESET{Cr) 


/RESET to Clock Rise setup time 


60 


GO 




45 




40 




nS 


47 


ThRF'iFTfCrl 


/RESET to Clock Rise Hold time 


10 


10 





10 




10 




10 


nS 


48 


1 911 V 1 1^ VI f 


/INT Fall to Clock Rise 


80 


70 




55 




50 




15 


nS 






Setup Time 
















10 




49 


ThlNTrlCrl 


HHI Rise to Clock Rise 


10 


10 




10 




10 




nS 






Hold Time 




















50 


TdMlf 


/Ml Falllo/IORQ Fall delay 


565* 


359 


■ 


270 




220' 




100' 


nS 




(lOROI) 


















45 


nS 


51 


TdCf(IORQ0 


/Clock Fall to /lORQ Fa" delay 


85 




70 




60 




55 


52 


TdCfdOROr) 


Ctock Rise lo /lORQ Rise delay 


65 




70 




60 




55 


45 


nS 


53 


TdCHD) 


Clock Fall lo Data Valid delay 


150 




130 




115 




110 


75 


nS 



Holes: 

■ For Clock periods olbar man ttie minimum shown, calculate parameters using Ibe folloviing table. 

Calculated values alMve assumed TiC - majimum. 
" 4 MHl CMOS Z80 Is obsoleted and replaced by 6 MHl 
[1] Z84CO020 parameters are guuaranleed witti SOpF load Capacitance. 
\Z\ If CapacitluB Load is otfisr than 50pF. please use Figure 1 to calculale the value. 

|3| Incteasing delay by lOnS for each 50pF increase in toading, 200ff max to r data lines, and 100pF lor control 

FOOTNOTES TO AC CHARACTERISTICS 



No 


Symbol 


Par^netar 


Z84C0004" 


■Z84C0006 


Z84CO008 


Z84COO10 


Z84CO020 


1 


TcC 


lwCh + TwCI + TrC + T(C 












7 


TdA(MREQf) 


TwCh + 1 \C 


-65 


-bO 


-4b 


-45 


-45 


10 


TwMF^FQh 


TwCh + TiC 


-20 


-20 


-20 


-20 


-20 


11 


TwMBEQI 


TcC 


-30 


-30 


-?5 


-25 


-25 


?6 


TdA(iOHOI) 


TcC 


-70 


-55 


-50 


-50 


-50 




TdD(WBI) 


IcC 


-170 


-140 


-120 


-60 


-60 


31 


TwWH 


TcC 


-30 


-30 


-25 


-25 


-9b 


33 


rdD(WBf) 


TwC) + TrC 


-140 


-140 


-120 


-60 


-60 


35 


IdWRr(D) 


TwCI + TrC 


-70 


-55 


-50 


-40 


-25 


45 


IctCTr(A) 


TwCI + TrC 


-50 


-50 


-45 


-30 


-30 


50 


IdMIKIORQI) 


2TcC -r-TwCh + TIC 


-65 


-50 


-45 


-30 


-30 


AC Test Condifions: Viu = 3 V V™ = 1.5V 


V|HC- 


Vcc -0.6 V 


FLOAT = 


±05V 










V|LC ■ 


45 V 
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DC CHARACTERISTICS (Z8400/NMOS Z80 CPU) 

All parameiers are tested unless otherwise noted. 



Symbol 


Parameter 


MIn 


Max 


Unit 


1tot Condition 


ViLC 


Clock Input Low Vdiage 


-0.3 


0.45 


V 




^IHC 


Clock Input High Voltage 


VCC-.6 


VCC + .3 


V 




V|L 


Input Law Voltage 


-0.3 


0.8 


V 




V|H 


Input High Vdtage 


2.0^ 


vcc 


V 




Vol 


Output Low Voltage 




0.4 


V 


IOL = 2.DmA 




Output High \follage 


2 41 




V ■ 


l0H= -250^A 


Ice 


Powef Supply Current 




200 


mA 


Note 3 


iLt 


Input Leakage Current 




10 




V|N = OioVcc 


Ilo 


3-State Output Leakage Current in Float 


-10 


102 




VoUT = 0.4toVcc 



1 For miliiarygT3 de parts , leter lotheZS O Mili lary Eleclrical Speoticalion 

2 A,5-Ao. Dj-Do, BfRO;. lOTO.nn. ardWf! 

3 Measurements made with oulpulsHoating 



CAPACITANCE 

Guaranteed by design and characterization. 
Symbol Paiamater MIn Max Unit 

CcLOCK Clock Capacitance 35 pf 

C|M Input Capacitance 5 pf 

Ct3uT Output Capacitance 15 pt 

NCfTES 

Tft = 25°C.1 = ' MHz 
Unmeasured pins returned to ground 
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AC CHARACTERISTICS* {ZB400/NMOS Z80 CPU) 



Z0840004 Z0840006 Z084D008 



Number 


Symbol 


Parameter 


Min 


Max 


Mln 


Max 


Min 


Max 


I 


TcC 


Clock Cycle Time 


250- 




1G2* 




125* 




2 


TwCh 


Clock Pulse Widlh (High) 


110 


3000 


65 


3000 


55 


3000 


3 


TwCI 


Clock Pulse Width (Low) 


110 


2000 


65 


2000 


55 


2000 


4 


TtC 


Clock Fall Time 




30 




20 




10 


5 


TrC 


Clock Rise Time 




30 




20 




10 


6 


TdCr(A) 


Clock t to Address Valid Delay 




110 




90 




80 


1 


1 tJr'l IVI r" U\J 1 1 


Address N^id to MREO I Delay 


65* 




35* 




20* 




e 


TdCt(MREQf) 


Clock lloMREQi Delay 




85 




70 




60 


9 


TdCr(MREQr) 


Clock tlo MREO t Delay 




S5 




70 




60 


10 


TwMREOh 


MREO Pulse Width (High) 


110-lt 




65*Tt 


45* tr 


11 


TwMREOl 


MREO Pulse Widlh (Low) 


230* -It 


135*t1 




100* + 




12 


Tc)Cf(MREQr) 


Clock Ho MREQ t Delay 




85 




70 




60 


1 J 


Trtrffpnn 

1 (jv^nnui^ 


Clock 1 to RD 1 Delay 




95 




80 




70 


14 


TaC((RDr) 


ClocktloRD tOelay 




85 




70 




60 


15 


TsD(Cr) 


Data Setup Time to Clock t 


35 




30 




30 




16 


ThD(RDr) 


Data Hold TimetoRDt 

















17 


TsWAIT(Cf] 


WAIT Setup Time to Clock I 


70 




60 




50 




IB 


ThWAlT(Cf) 


WAff Hold Time after Clock t 

















1 s 


THPr/Mlf^ 
1 UVJlliVf 1 1| 


ClockttoMllDelay 




100 




ou 




r U 


30 


TdCrlMU) 


ClockttoMI tDelay 




100 




cSU 




' U 


21 


TdCr{RFSHf) 


Clock t to RFSH 1 Delay 




130 




1 \\i 






22 


TdCrlRFSHr] 


Clock t to RFSH tDelay 




130 




1 uu 




DO 


23 


TdCf(RDr) 


Clock J to RD tDelay 




85 




70 




60 


24 


TdCr(RDO 


Clock t to RD I Delay 




85 




70 




60 


25 


TsDICO 


Data Setup to Clock I during Mg, M3, 


50 




40 




30 








M4, or M5 Lycies 
















1 0'\(lwn'hJi/ 


AHrlrP^i^i Stable orior lO lOPQ i 


ISO* 




110* 




75* 




27 


TdCr[IORQf) 


Clock t to IORO + Delay 




75 




65 




55 


23 


TdCt(lORQr) 


Clock t to lORQ t Delay 




85 




70 




60 


29 


TdD(WRf) 


Data Stable prior lo WR 1 


80* 




25- 




5- 




30 


TdCI(WRt) 


Clock 1 to WRi Delay 




80 




70 




60 


31 


TwWR 


WR Pulse Width 


230* 




135* 




100* 




32 


TdCf(WRr) 


Clock 1 to WR t Delay 




30 




70 




60 


33 


TdD(WRf) 


Data Stable prior to WRi 


-10" 




-55* 




55* 




34 


TdC({WRI) 


ClockttoWRiDelay 




65 




60 




55 


35 


TdWR'ID) 


Data Stable from WRt 


60* 




30* 




15* 




36 


TdCf(HALT) 


Clock 1 to HALT t or 1 




300 




260 




225 


37 


TwNMt 


NMI Pulse Width 


80 




70 




60* 




38 


TsBUSREQ(Cr) 


BUSREQ Setup Time to Clock t 


50 




50 




40 





■For dock peritKisotliertharitlierniriirrurnssiiown. calculate pararnetersuarig the table ori the following page Calculated 



assumes TrC = TIC = 20 ns. 
fUnits in nanoseconds (ns) 

* Fm loadlrig £ M p(,, OMsaoe wWh by 10 rB fw earfi KkMoiral SO p(. 
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AC CHARACTERISTICS^^ (Z8400/NMOS Z80 CPU; Conlinued) 



Z0840004 20840006 Z084000S 



Number 


Symbol 


Parameter 


Min 


Max 


Mln 


Max 


Min 


Max 


39 


ThBUSBEO(Cr) 


BUSBEQ Hold Time after Clock t 

















40 


TdCf(BUSACKI] 


Clock tloBUSACK J Delay 




100 




90 




80 


41 


TdC1(BUSACKr] 


Clock t to BUSAGK I Delay 




100 




90 




80 


42 




OlocK T to uata rloat uelay 




90 




BO 




70 


4') 


1 Ul_r|(^ 1 ^} 






oo 




f o 










(MREO, lORO.RD, andWR) 














44 


TdCr(Az) 


Clock t to Address Float Delay 




90 




80 




70 


45 


TdCTrlAl 


MREQ t, lORQt, RDt, and WRtlo 


80' 




35' 




20' 








AddiesE Hold Time 














•16 


TsRESET(Cf) 


RESET lo Clock t Setup Time 


60 




60 




45 




47 


ThHESET(CrJ 


RESET lo Crock T Hold 1 ime 

















48 


TElNTf(Cr) 


INT to Clock t Setup Time 


80 




70 




55 




49 


ThlNTf(Cr) 


iNTtoCIOCktHdd Time 

















50 


TdMI f(IOROI] 


mT I to lORO 1 Delay 


565* 




365* 




270' 




51 


TdCf(IOROf) 


Clock i to lORQ i Delay 




85 




70 




60 


52 


TdCf(IORQr| 


Clock t lORO t Delay 




85 




70 




60 


53 


TdCf(D) 


Clock 1 to Dala Valid Delay 




150 




130 




115 



'Forelock penods other ttian the minimumssnown, calculate oarameters usirg Itietollowingtatile Calculated v^ues above 
assumed TrC = TfC - 20 rs. 
flinlls in nanoseconds (ns) 



FOOTNOTES TO AC CHARACTERISTICS 



Number 


Symbol 


General Parameter 


Z0840004 


20840006 


Z0S4O008 


t 


TcC 


TwCh + TwCI + TrC + TfC 








7 


TdA(MREQI) 


TwCh + TtC 


- 65 


-50 


-45 


10 


TwMREOn 


Twcn + irc 


- 20 


~20 


-20 


11 


TwMPEOI 


TcC 


- 30 


-30 


-25 


26 


TdA(IORQf) 


TcC 


- 70 


-55 


-50 


29 


TdD(WBf] 


TcC 


- 170 


- 140 


-120 


31 


TwWR 


TcC 


- 30 


-30 


-25 


33 


TdDfWRf) 


TwCI + TrC 


- 140 


-140 


- 120 


35 


TdWnr(D) 


TwCI + TrC 


- 70 


-55 


-50 


45 


TdCTi-(A) 


TwCI + TrC 


- 50 


-50 


-45 


50 


TdM1f(IORQI) 


2TcC + TwCh + TfC 


- 65 


-50 


-45 



AC Test Conditions 

V|H = 2 OV VoH = 1.5 V 

V|L = 08V Vqi = 1 5V 

V|HC = Vqc -0 6V FLOAT = ±0 5V 
V|LC - 45 V 
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